The application of circulating fluidized bed technology in calcium looping (CaL) requires that CaO-based sorbents should be manufactured in the form of spherical pellets. However, the pelletization of powdered sorbents is always hampered by the problem that the mechanical strength of sorbents is improved at the cost of loss in CO 2 sorption performance. To promote both the CO 2 sorption and anti-attrition performance, in this work, four kinds of pore-forming materials were screened and utilized to prepare sorbent pellets via the extrusion-spheronization process. In addition, impacts of the additional content of pore-forming material and their particle sizes were also investigated comprehensively. It was found that the addition of 5 wt.% polyethylene possesses the highest CO 2 capture capacity (0.155 g-CO 2 /g-sorbent in the 25th cycle) and mechanical performance of 4.0 N after high-temperature calcination, which were about 14% higher and 25% improved, compared to pure calcium hydrate pellets. The smaller particle size of pore-forming material was observed to lead to a better performance in CO 2 sorption, while for mechanical performance, there was an optimal size for the pore-former used.
Introduction
Greenhouse gases, such as CO 2 which is mainly produced from fossil fuel combustion, are believed to be the major contributors to the rise of global temperatures [1] . It is predicted that the total emission amount of CO 2 will increase to 40.2 Gt by 2030 [2] . Therefore, many researchers around the world focus their studies on various technologies to reduce the emission of CO 2 , and the capture, utilization, and storage (CCUS) of CO 2 has been considered as the most effective way to solve the problem [3] [4] [5] [6] . Capture is the key process in CCUS, and among different capture technologies, calcium looping (CaL) has been demonstrated as having good potential in achieving high-efficiency CO 2 separation with affordable cost [7] . With the development of CaL, some pilot plant projects have already been put into large-scale testing [8] [9] [10] .
Calcium looping is based on the reversible chemical reaction of CaO + CO 2 ⇔ CaCO 3 . Generally, CO 2 is captured in a carbonator at around 650 • C by CaO-based sorbents and released subsequently in a calciner above 900 • C. In this way, CO 2 in the flue gas can be separated and collected in high purity. Though CaL has the significant advantages of low cost and high CO 2 uptake capacity, there are still some obstacles in the commercialization of calcium looping. Firstly, all the natural sorbents will face a severe problem of loss-in-capacity due to sintering at a high temperature [11, 12] . Another problem is attrition and fragmentation of sorbents due to its cyclic operation in fluidized bed systems [13] [14] [15] .
Sorbent Pellets Preparation
Sorbent pellets were manufactured using an extrusion-spheronization method. For each sorbent, first, weighted calcium hydroxide and pore-forming material were vigorously dry-blended for 20 min and wet-mixed for 5 min in a stainless steel basin to get the homogeneous mixtures. Then, the wet mixtures were extruded into cylinders with a diameter of 1 mm by a mini-extruder (LEAP E-26, Chongqing, China). After that, the cylinders were cut off and rounded in a spheronizer (LEAP R-120, Chongqing, China) with a rotational speed of 3000 rpm for 25 min. Finally, pellets with a diameter of 0.75-1.25 mm were obtained through sieving and one-day air drying (called fresh pellets). A part of the pellets was calcined in a muffle furnace at 900 • C for 10 min (called pre-calcination). For simplicity, sorbent pellets were named as CH-PMX-Y, where PM refers to the pore-forming material, and X and Y are its initial mass content and particle size, respectively. For example, CH-PE10-12 means the pellet was doped with 10 wt. % PE whose particle size is 12 µm in preparation. The pellets consisting of pure calcium hydroxide is denoted as CH.
Thermo-Gravimetric Analysis
The CO 2 capture capacity and CaO conversion of the samples were tested in a thermo-gravimetric analyzer (NETZSCH TG209 F3, Selb, Germany). Approximately 15 mg of the sample was placed on a corundum crucible in TGA and heated to 900 • C at a rate of 30 • C/min under a N 2 flow of 85 mL/min, and the temperature was kept for 5 min to remove the moisture completely. Then, the sample was cooled down to 650 • C at a rate of −30 • C/min. Once the temperature was reached, a Processes 2019, 7, 62 3 of 14 CO 2 flow of 15 mL/min was added immediately, and the CO 2 sorption condition was kept for 20 min. The aforementioned process of carbonation and calcination was repeated totally 25 times to investigate the cyclic CO 2 capture performance. Based on the mass data recorded, CaO carbonation conversion (Xn, %) and CO 2 sorption capacity (Cn, g-CO 2 /g-sorbent) of the samples were calculated using the following formulas:
where m is the maximum mass of CaO-based sorbents in sorption stage and m 0 is minimum mass in calcination stage, ϕ is the mass content of CaO in the CaO-based sorbent, M CaO and M CO 2 are the molar mass of CaO and CO 2 , respectively. The CO 2 sortion capacity uncertainty is around ±0.002 g-CO 2 /g-sorbent based on repeated tests.
Pellets Impact Crushing Test
Impact crushing of the pellet was carried out using an apparatus built by ourselves, as shown in Figure 1 , according to the literature [33] [34] [35] . A high-pressure air bottle with a volumetric flow meter was used to control the velocity of air flow, and two valves were used to feed samples without the escaping of gas and particles. Particles were accelerated in an educator (1.2 m in length and 10 mm in I.D) by air at a speed of 18 m/s and impacted a stainless target (inclined by 60 • with respect to the vertical direction) in the collection chamber. To filter the entrained fine particle (<12 µm), a sintered porous metal plate was installed on the top of the chamber. the cyclic CO2 capture performance. Based on the mass data recorded, CaO carbonation conversion (Xn, %) and CO2 sorption capacity (Cn, g-CO2/g-sorbent) of the samples were calculated using the following formulas:
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Impact crushing of the pellet was carried out using an apparatus built by ourselves, as shown in Figure 1 , according to the literature [33] [34] [35] . A high-pressure air bottle with a volumetric flow meter was used to control the velocity of air flow, and two valves were used to feed samples without the escaping of gas and particles. Particles were accelerated in an educator (1.2 m in length and 10 mm in I.D) by air at a speed of 18 m/s and impacted a stainless target (inclined by 60° with respect to the vertical direction) in the collection chamber. To filter the entrained fine particle (<12 μm), a sintered porous metal plate was installed on the top of the chamber. In each test, 0.5 g samples were loaded, and after impact crushing residual particles were collected and screened through sieving into 7 size ranges: 750~1250 μm, 500~750 μm, 375~500 μm, 187.5~375 μm, 75~187.5 μm, 12~75 μm, and <12 μm. In the work, particles with a diameter smaller than 187.5 μm are regarded as completely crushed particles.
Compressive Strength Test
The compressive strength of pellets was tested using a precision digital compression tester (SHIMPO FGP-10, Kyoto, Japan), and each sample was tested for 10 times. The maximum crushing In each test, 0.5 g samples were loaded, and after impact crushing residual particles were collected and screened through sieving into 7 size ranges: 750~1250 µm, 500~750 µm, 375~500 µm, 187.5~375 µm, 75~187.5 µm, 12~75 µm, and <12 µm. In the work, particles with a diameter smaller than 187.5 µm are regarded as completely crushed particles. 
The compressive strength of pellets was tested using a precision digital compression tester (SHIMPO FGP-10, Kyoto, Japan), and each sample was tested for 10 times. The maximum crushing force was obtained by slowly increasing the pressure until the particle was crushed. Compression strength was evaluated by the average crushing force and the error bar was calculated.
Characterization of Sorbents
Surface morphology of sorbents was captured using a field emission scanning electron microscopy (FESEM, SU8020, Hitachi, Tokyo, Japan). To determine the specific Brunauer-Emmett-Teller (BET) surface, Barrett-Joyner-Halenda (BJH) pore volume and pore size distribution of selected samples, N 2 adsorption/desorption analysis was measured at approximately −196 • C using a Micromeritics TriStar II 3020 instrument after outgassing under vacuum for 18 h at 200 • C.
Results and Discussion

Decomposition of Pore-Forming Materials
To understand thermal properties of pore-forming materials, they were first tested in the TGA at a constant ramping rate of 30 • C/min to 900 • C followed by isothermal calcination for 5 min, and the results are shown in Figure 2 . It was seen that under the atmosphere of N 2 , MC, PS, and PE started to pyrolyze at 300-400 • C with a quick weight loss until they were completely decomposed. In contrast, there was almost no decomposition of C in N 2 flow. When the atmosphere was switched to a flow containing 15 vol. % O 2 balanced with N 2 , C was observed to start burning at 600 • C until it was burnt out at around 900 • C. Based on the decomposition characteristics, it can be concluded that all pore-forming materials would be burnt into gases to create pores without any solid residues left in the prepared sorbent pellets. force was obtained by slowly increasing the pressure until the particle was crushed. Compression strength was evaluated by the average crushing force and the error bar was calculated.
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Results and Discussion
Decomposition of Pore-Forming Materials
To understand thermal properties of pore-forming materials, they were first tested in the TGA at a constant ramping rate of 30 °C/min to 900 °C followed by isothermal calcination for 5 min, and the results are shown in Figure 2 . It was seen that under the atmosphere of N2, MC, PS, and PE started to pyrolyze at 300-400 °C with a quick weight loss until they were completely decomposed. In contrast, there was almost no decomposition of C in N2 flow. When the atmosphere was switched to a flow containing 15 vol. % O2 balanced with N2, C was observed to start burning at 600 °C until it was burnt out at around 900 °C. Based on the decomposition characteristics, it can be concluded that all pore-forming materials would be burnt into gases to create pores without any solid residues left in the prepared sorbent pellets. 
Characterization of Sorbent Pellets
To see the effect of pore-forming materials on the structure of sorbent pellets, cross-sectional images were captured of the calcined CH and CH-PE5 using the field emission scanning electron microscopy, and the results are depicted in Figure 3 . It is very clear that grains and pores in CH-PE5 are much smaller and their distributions are more uniform than those in the sample of CH. These 
To see the effect of pore-forming materials on the structure of sorbent pellets, cross-sectional images were captured of the calcined CH and CH-PE5 using the field emission scanning electron microscopy, and the results are depicted in Figure 3 . It is very clear that grains and pores in CH-PE5 are much smaller and their distributions are more uniform than those in the sample of CH. These differences can be attributed to the positive pore-forming effect of PE on sorbents microstructure during its decomposition to gaseous phases. The roles of pore-formers could be further understood from the results of the N 2 adsorption/desorption test. Table 1 summarizes the specific surface area, BJH average pore width, and pore volume of CH and CH-PE5. It is seen that CH-PE5 pellets have a BET surface area of 11.66 m 2 /g, BJH cumulative pore volume of 0.0436 cm 3 /g, and an average pore diameter of 15.2 nm, which are all superior to those of CH. Figure 4 indicates that the higher pore volume of CH-PE5 is mainly correlated to pores of size in the range of 2-40 nm, which also contributed to the higher specific surface area in comparison with CH. Based on these results, it is reasonable to predict that the better microstructure of CH-PE5 would lead to an easier diffusion of CO 2 within the sorbent and the following carbonation reaction.
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Effect of Various Pore-Forming Materials
To understand the impact of different pore-forming materials, CO2 sorption/desorption performance, compressive strength, and anti-impact crushing capacity of prepared sorbent pellets were tested and evaluated in this section. Pore-forming materials with a particle size of 12 μm were used, and their contents were kept at the same of 5 wt. %.
Sorption/Desorption Performance
Cyclic CO2 uptake capacity and CaO conversion of sorbent pellets prepared with different poreformers were presented in Figure 5 . It shows that CH possesses a CO2 capture around 0.556 g-CO2/gsorbents initially, but the value quickly decreased to 0.136 g-CO2/g-sorbent after 25 cycles. For sorbent pellets with the addition of pore-forming materials in preparation, CH-PE5 shows the highest CO2 capture capacity of 0.574 g-CO2/g-sorbent in the first cycle and 0.155 g-CO2/g-sorbent after 25 cycles, which are both higher than those of CH. This is in accordance with the aforementioned characterization results, demonstrating that CH-PE5 modified inner structure of sorbents during the pyrolysis of PE, resulted in a shifting of pores to smaller sizes of 2-40 nm (see Figure 4) , and an increase of surface area and pore volume (see Table 1 ). It is well known that a bigger pore volume means a smaller CO2 transfer resistance, and a higher specific surface area could supply more available sites in pellets to react with CO2 [32, 34] . Thus, CO2 sorption performance of CH-PE5 was improved. The CH-C5 shows a similar CO2 uptake capacity, which is only slightly lower than CH-PE5 but higher than CH. For CH-PS5 and CH-MC5, no improvement in sorption performance was observed compared to CH. The CaO conversion, the other aspect of sorption property, shares the same trend with the CO2 uptake capacity. 
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Cyclic CO 2 uptake capacity and CaO conversion of sorbent pellets prepared with different pore-formers were presented in Figure 5 . It shows that CH possesses a CO 2 capture around 0.556 g-CO 2 /g-sorbents initially, but the value quickly decreased to 0.136 g-CO 2 /g-sorbent after 25 cycles. For sorbent pellets with the addition of pore-forming materials in preparation, CH-PE5 shows the highest CO 2 capture capacity of 0.574 g-CO 2 /g-sorbent in the first cycle and 0.155 g-CO 2 /g-sorbent after 25 cycles, which are both higher than those of CH. This is in accordance with the aforementioned characterization results, demonstrating that CH-PE5 modified inner structure of sorbents during the pyrolysis of PE, resulted in a shifting of pores to smaller sizes of 2-40 nm (see Figure 4) , and an increase of surface area and pore volume (see Table 1 ). It is well known that a bigger pore volume means a smaller CO 2 transfer resistance, and a higher specific surface area could supply more available sites in pellets to react with CO 2 [32, 34] . Thus, CO 2 sorption performance of CH-PE5 was improved. The CH-C5 shows a similar CO 2 uptake capacity, which is only slightly lower than CH-PE5 but higher than CH. For CH-PS5 and CH-MC5, no improvement in sorption performance was observed compared to CH. The CaO conversion, the other aspect of sorption property, shares the same trend with the CO 2 uptake capacity. 3.3.2. Mechanical Performance Figure 6 plots the compressive strength of sorbent pellets (with/without calcination) prepared from different pore-forming materials. Without the calcination, CH pellets show a compressive strength of 6.7 N, while CH-PE5 possesses a value of 7.6 N, the highest among all fresh pellets. After calcination, the mechanical strength of all pellets experiences a significant decline. Among them, CH shows the lowest compressive strength of 3.2 N, almost a half loss comparing to that without calcination. By contrast, the addition of PS leads to about 30% improvement of the compressive strength to 4.2 N, and calcined pellets of CH-PE5, CH-C5, and CH-MC5 demonstrated a compressive strength of 4.0 N, 4.0 N, and 3.2 N, respectively. Since the compressive strength of calcined pellets is more meaningful in CaL application, it is concluded that the addition of pore-formers PE, PS, and C could modify pore structure of sorbents in the way that benefits the mechanical strength of pellets. Figure 6 plots the compressive strength of sorbent pellets (with/without calcination) prepared from different pore-forming materials. Without the calcination, CH pellets show a compressive strength of 6.7 N, while CH-PE5 possesses a value of 7.6 N, the highest among all fresh pellets. After calcination, the mechanical strength of all pellets experiences a significant decline. Among them, CH shows the lowest compressive strength of 3.2 N, almost a half loss comparing to that without calcination. By contrast, the addition of PS leads to about 30% improvement of the compressive strength to 4.2 N, and calcined pellets of CH-PE5, CH-C5, and CH-MC5 demonstrated a compressive strength of 4.0 N, 4.0 N, and 3.2 N, respectively. Since the compressive strength of calcined pellets is more meaningful in CaL application, it is concluded that the addition of pore-formers PE, PS, and C could modify pore structure of sorbents in the way that benefits the mechanical strength of pellets. The results of impact crushing test are shown in Figure 7 . By comparing particle size distribution after impact crushing, attrition resistance of diverse sorbent pellets could be evaluated. Obviously, the anti-attrition ability of fresh pellets is much better than calcined pellets, which, however, is more meaningful in the practical CaL application. That is our focus in the following work. It is seen that when particles smaller than 187.5 μm are regarded as completely crushed materials, the mass loss The results of impact crushing test are shown in Figure 7 . By comparing particle size distribution after impact crushing, attrition resistance of diverse sorbent pellets could be evaluated. Obviously, the anti-attrition ability of fresh pellets is much better than calcined pellets, which, however, is more meaningful in the practical CaL application. That is our focus in the following work. It is seen that when particles smaller than 187.5 µm are regarded as completely crushed materials, the mass loss fraction of CH pellets reach to nearly 24.4% from the cumulative percentage results. In contrast, the value for CH-PE5% and CH-C5 was only around 5.9% and 5.2%, respectively. Meanwhile, the mass fraction of residual particles within a diameter range of 750-1250 µm is 11.2% for CH-PE5 from the mass fraction results, which is the highest. These results indicate that the addition of a small amount pore-formers enhances the mechanical strength of sorbent pellets. It is possible that the pores formed during the pyrolysis of pore-formers at a relatively low temperature are able to act as channels for the release of CO 2 in the decomposition of CaCO 3 , avoiding the formation of additional cracks, and is beneficial for keeping the mechanical strength. The results of impact crushing test are shown in Figure 7 . By comparing particle size distribution after impact crushing, attrition resistance of diverse sorbent pellets could be evaluated. Obviously, the anti-attrition ability of fresh pellets is much better than calcined pellets, which, however, is more meaningful in the practical CaL application. That is our focus in the following work. It is seen that when particles smaller than 187.5 μm are regarded as completely crushed materials, the mass loss fraction of CH pellets reach to nearly 24.4% from the cumulative percentage results. In contrast, the value for CH-PE5% and CH-C5 was only around 5.9% and 5.2%, respectively. Meanwhile, the mass fraction of residual particles within a diameter range of 750-1250 μm is 11.2% for CH-PE5 from the mass fraction results, which is the highest. These results indicate that the addition of a small amount pore-formers enhances the mechanical strength of sorbent pellets. It is possible that the pores formed during the pyrolysis of pore-formers at a relatively low temperature are able to act as channels for the release of CO2 in the decomposition of CaCO3, avoiding the formation of additional cracks, and is beneficial for keeping the mechanical strength. 
Mechanical Performance
Effect of Addition Content of PE
The above results indicate that the addition of PE resulted in the best improvement in both the CO 2 sorption and the mechanical performance among all pore-formers, thus we optimized its addition content from 2.5% to 20% in this part, while keeping the particle size of PE at 12 µm. Figure 8 shows that CO 2 sorption capacity of all CH-PE samples were improved under the conditions studied. A tendency of first-increase-then-decrease was observed with the increasing addition of PE, and the peak appears when 5 wt. % PE was utilized. Theoretically, with the increasing addition of pore-forming materials, CO 2 sorption performance should keep going up. However, it never happened in our experiment. The reason could be that the most suitable pore size range for long cyclic CO 2 capture is 20-50 nm [35] . However, the addition of too much PE would result in pores that are out of the aforementioned optimum range and lead to a loss in CO 2 capacity in a long cycle. Figure 8 shows that CO2 sorption capacity of all CH-PE samples were improved under the conditions studied. A tendency of first-increase-then-decrease was observed with the increasing addition of PE, and the peak appears when 5 wt. % PE was utilized. Theoretically, with the increasing addition of pore- 
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forming materials, CO2 sorption performance should keep going up. However, it never happened in our experiment. The reason could be that the most suitable pore size range for long cyclic CO2 capture is 20-50 nm [35]. However, the addition of too much PE would result in pores that are out of the aforementioned optimum range and lead to a loss in CO2 capacity in a long cycle.
Mechanical Performance
The compressive strength of pellets with different addition of PE is illustrated in Figure 9 . Similar to the variation of chemical sorption, the compressive strength of calcined CH-PE goes up with the increasing addition of PE, especially for 2.5 wt. % and 5 wt. %, and then slightly declines. It is also clear that pellets without calcination have a much better mechanical strength. The results of impact crushing test for different CH-PE sorbent pellets are summarized in Figure 10 . It shows that calcined CH-PE2.5 and CH-PE5 pellets have a much better attrition resistance, whose complete mass loss is 6.9% and 5.9%, respectively, from the cumulative percentage results. In contrast, the value for CH-PE10 and CH-PE20 pellets is 22.1% and 31.1%, which are similar to CH. In addition, CH-PE5% has the biggest mass fraction of residual particle whose size ranges in 750-1250 μm. So, it could be concluded that, within a small addition of PE, the mechanical strength could be significantly enhanced. However, when further increasing the amount of PE, the cavities and gases released in PE pyrolysis are too much to hold a favorable structure for the good mechanical strength of sorbent pellets. 
The compressive strength of pellets with different addition of PE is illustrated in Figure 9 . Similar to the variation of chemical sorption, the compressive strength of calcined CH-PE goes up with the increasing addition of PE, especially for 2.5 wt. % and 5 wt. %, and then slightly declines. It is also clear that pellets without calcination have a much better mechanical strength. The results of impact crushing test for different CH-PE sorbent pellets are summarized in Figure 10 . It shows that calcined CH-PE2.5 and CH-PE5 pellets have a much better attrition resistance, whose complete mass loss is 6.9% and 5.9%, respectively, from the cumulative percentage results. In contrast, the value for CH-PE10 and CH-PE20 pellets is 22.1% and 31.1%, which are similar to CH. In addition, CH-PE5% has the biggest mass fraction of residual particle whose size ranges in 750-1250 µm. So, it could be concluded that, within a small addition of PE, the mechanical strength could be significantly enhanced. However, when further increasing the amount of PE, the cavities and gases released in PE pyrolysis are too much to hold a favorable structure for the good mechanical strength of sorbent pellets. 
Effect of Pore-Former Particle Size
Particle size of the pore-forming material could possibly change the performance of sorbent pellets. However, few experiments were reported in this field deeply. Here, PE with varying particle sizes from 6 μm to 150 μm were selected and tested while its addition content was kept at 5%.
Sorption/Desorption Performance
The CO2 sorption performance of sorbent pellets with different particle sizes of PE are presented in Figure 11 . It is evident that sorbent pellets with a smaller particle size of PE have a better performance in CO2 capturing. The CH-PE5-6 pellet had the highest CO2 uptake capacity of 0.157 g-CO2/g-sorbent which was 6.8% higher than CH-PE5-150 pellets, followed by CH-PE5-12 and CH- Figure 10 . Impact crushing resulted in particle size distribution of sorbent pellets with different additions of PE: (a) fresh, (b) after calcination at 900 • C.
Effect of Pore-Former Particle Size
Particle size of the pore-forming material could possibly change the performance of sorbent pellets. However, few experiments were reported in this field deeply. Here, PE with varying particle sizes from 6 µm to 150 µm were selected and tested while its addition content was kept at 5%.
Sorption/Desorption Performance
The CO 2 sorption performance of sorbent pellets with different particle sizes of PE are presented in Figure 11 . It is evident that sorbent pellets with a smaller particle size of PE have a better performance in CO 2 capturing. The CH-PE5-6 pellet had the highest CO 2 uptake capacity of 0.157 g-CO 2 /g-sorbent which was 6.8% higher than CH-PE5-150 pellets, followed by CH-PE5-12 and CH-PE5-50. It can be concluded that the chemical performance was inversely proportional to the particle size of pore-former utilized. It is very likely that with the same content of PE added, the smaller particle size could lead to the formation of a more uniform distribution of smaller pores, in other words, a bigger specific surface area, and bigger pore volume. Thus, there is more "activated space" for the CO 2 to react with CaO.
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Mechanical Performance
Compressive strength of synthetic sorbent pellets with different particle sizes of PE are shown in Figure 12 . A tendency of first-increase-then-decrease compressive strength was observed with the increasing particle size of PE, for both fresh and calcined pellets. The CH-PE5-12 possessed the biggest compressive strength among all calcined pellets while CH-PE5-150 was the worst. The ratio of the mechanical strength value for pellets after calcination to fresh pellet was also calculated in order to understand the influence of different particle sizes. The value is 55.9%, 51.9%, 23.9%, and 
Compressive strength of synthetic sorbent pellets with different particle sizes of PE are shown in Figure 12 . A tendency of first-increase-then-decrease compressive strength was observed with the increasing particle size of PE, for both fresh and calcined pellets. The CH-PE5-12 possessed the biggest compressive strength among all calcined pellets while CH-PE5-150 was the worst. The ratio of the mechanical strength value for pellets after calcination to fresh pellet was also calculated in order to understand the influence of different particle sizes. The value is 55.9%, 51.9%, 23.9%, and 18.9% for CH-PE5-6, CH-PE5-12, CH-PE5-50, and CH-PE5-150, respectively, showing that bigger particle size of the pore-former has a negative effect in maintaining the compressive strength of pellets during high-temperature calcination. Compressive strength of synthetic sorbent pellets (a mean diameter of 1 mm) with different particle size of PE. Figure 13 summarizes impacting test results for sorbent pellets with different particle sizes of PE. For the various fresh pellets, their particle distribution after impacting test is very similar, and the complete mass loss is around 1% from the cumulative percentage results. For calcined ones, due to the significant loss in mechanical strength of pellets added with bigger PE (50 μm, 150 μm), lots of them broke up during the pre-calcination process. Thus, we did not present results in the diagram. But conclusion can also be reached that with the smaller particle size of pore-former added, the better mechanical strength sorbent pellets have, which is also consistent with the conclusion obtained in the compression test. Compressive strength of synthetic sorbent pellets (a mean diameter of 1 mm) with different particle size of PE. Figure 13 summarizes impacting test results for sorbent pellets with different particle sizes of PE. For the various fresh pellets, their particle distribution after impacting test is very similar, and the complete mass loss is around 1% from the cumulative percentage results. For calcined ones, due to the significant loss in mechanical strength of pellets added with bigger PE (50 µm, 150 µm), lots of them broke up during the pre-calcination process. Thus, we did not present results in the diagram. But conclusion can also be reached that with the smaller particle size of pore-former added, the better mechanical strength sorbent pellets have, which is also consistent with the conclusion obtained in the compression test.
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Conclusions
This work studied CO 2 uptake and anti-attrition performance of CaO-based pellets synthesized via extrusion-spheronization with the addition of a small amount of pore-forming materials. Four kinds of pore-forming materials with varying additional content and particle size were investigated in this work. It was found that the addition of PE had a positive effect on enhancing the CO 2 sorption capacity meanwhile maintaining a relatively high mechanical strength, compared to pure Ca(OH) 2 pellets. The reason is micro-structures (i.e., pore distribution, surface area, and pore volume) of synthetic sorbents were modified in a way promoting the diffusion and subsequent CO 2 reaction with sorbents. After 25 typical cycles, pellets with 5% PE captured 14% more CO 2 and possessed 25% higher mechanical strength than pure Ca(OH) 2 pellets. The lesser or greater addition of PE did not bring further performance enhancement. The particle size of pore-formers was also observed to affect the performance of prepared sorbent pellets, and the smaller ones led to a better chemical performance in CO 2 sorption. In contrast, there was an optimal size of PE (12 µm) for the mechanical strength of sorbent pellets. 
